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Ab臼tnH，t Pinkish epidote was iound from N akatatsu Mine， Fukui Prぱe{，:turι
J apan， and its mineialogica! data ancl crystal structurεarεdescribed 
1'he average ch色mico.lcomposition is 
Co.1，35 SrO，O，) A12，5o FeO，32 Mno，o， Si3，o 012 (OH)， 
and 日Idim日nsionsare a=8，87自(2)，b = 5，6083(3)ι 士 10.1483(10)λ ，日nd(3一11542(4)。
L巴品目t-squaresrefinem巴ntof th色structureusing X -ny intensity c1ata from a sing!日o2rystal
converged to an R-vョlueof 6A2~，;;， and shows that F巴andMn are located ov巴rM(3) sites 
and most Sr atoms replac邑Caatoms at A.(2) sites， Atomic distano2es 3xe 1.906， 1.883 and 




have been described for aspects， The Cf)引alstructures of 
sllch as 
minerals have bεen stlldied many authors : e.g，フヲ 1969and 
and Gabe et aL (1973)， Hovvever， Mn and Sr locations have not been wεn estabHshed。
Pinkish which contains Fe， JVln and small amount of Sr， was found from 
Nakatatsu Fukui Prefecture， J apan， Chεmical data and 
C1・ structurεofthis m;tteriai are reported. 
Exp母rimentaI
Specimen 
The sample 1Nas found in debris from Hitokata cleposit of N akatatsu Mine， 
ホ Presentac1dr巴S8:D日partmentof Geology and Mineralogy， Facu!ty of Sciencε， Kyoto University， Oiwake 
o2ho Kitashirakaw旦Sakyo→ku，Kyoto 606 
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microscopic observation shovvs thai: the rock consists of quartz， 10% 
calcitεand opaque minerals; appears or 凶 and
On the surface of the lav¥Tmontite is a1so observed. IVJ:ost of 
are columnar or acicularε10日 b，and attain up to 
several mm inlength. The 
in L axial 
of the thin section are shown 
measured are 2 十)=85-95¥
Chemical composition 
Chemical were carried out 
an electron micfoprobe analyzerフ
model HIT ACHI XfVIA -5A In thesε 
sr.aaH amount of Sr VV3S det-
ectEうa. Cbemical and nu-
mbers of c3.tions vi、rerecakulated based 
O孔 12oxygen atoms per formuia 
perfect for the 
relative cation (Tableτ、he
chεmicaJ formula averaged over J:γε 
and 
Table 1 Chεmical Compositions 
(1) (2) (3) (4) (5) 
Si02 39.46 40.38 40.29 39.63 40.18 
A1203 29.31 28.27 26.48 27.85 29回54
5.78 5.83 5.46 5.69 5.13 
下江nO 。.70 0.76 0.75 0.58 0.53 
CaO 2.3 23.02 23.32 23.13 23.05 
S;:O 1.25 1.15 1.11 1.12 0.98 
Total 98.83 9.41 97.41 98.00 9.41 
.N umbers of ions on thεbasis of 12(0) 
Si 295 3.01 3町06 3.0 2.97 
Ai 2.59 2.48 2.37 2.49 2.58 
Fe 0.3 0.3 0.31 0.3 0.29 
Mn 0.04 0.05 0.05 0.04 。03
Ca 1.79 1.84 1.90 1.8 1.83 
Sr 0.05 。.05 0.04 0.04 O.OL) 
Fe totai as Fe203 
indicate that Laue group is and ref1ec-
tions ukO are absent if !? is odd. Possible space group is thus or 
A 0.07 x 0.06)( O.05mm3 size， 'Nas selected for measurem叩 tSon 
PVI，f 1100 diffractometeL Cel1 constants V¥Tere determined using 25 
reflections. data and information for the stmcture are given in Table 2 
Intem弓idesof 2247 reflections:n the range of 2θfrom 6 to 70' were measured with 
monochromatized Mo Kαradiationλ=0.71069λ) and the scan mode. Structure 
factors of 1444 of which exceεds 3 (f (Fo)， were used in 
the caiulations. 
Refine旧nent'was carried out the program ORXFLS4 et aL 
1962 and Scattεfactors for neutral atoms 1 αbLes .;tor .L主-ray
'1O¥. were used this The space group was 
assumed and initial parameters .were taken from those DoHase R 
values v"ith factors is The occupancy of the M sites and 
the A sites vJere also refined First of al， the of the M sites was 
refinedwithout chemical the Al atomic form factor. This rεsult 
4) suggests that the 114(1) and sites 3re Al， but the 
AI and Dartlv heaviε ，-oec'VUu， Fe anc1 Mn in this case. In the the 
Mn-bearingρinkishψidote jトvmNakata伽 Mi招e，Fukui Prefecture 






Crystal System monoclinic 
Space Group P21/m 
Z 2 
Dca1c 3.63 
Radiation Used MoKa (0.71069A)， 40kV， 20mA 
Monochrometer graphite 
Crystal Size (mm3) 0.u7 x 0.06 x 0.05 
μ(cm-1) 26.97 
Diffractometer Philips PW -1100 
Scan Type 8 -28 
28 Range n 6-70 
No. of independent reflections measured 2247 
N o.of independent reflections used 
for refinement with 九>3cr(F;，) 14444 
Final R 6.42% 
Final Rw 5.40% 
Fig. 1 Polyhedral linkage of epidote 
: Boundary of the Unit Cell 
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factors for the 11/  sites are .ヨssumedas shown in the last column of (a) In Ta.ble 
Ll， Then the site occupancy of the A ~sites 陀 finedwith a chemical constrainL Sr:::: 0.04 
Toble 3 (a) PositionoJ Paramet釘 S
y/a y/b z/c 
A 1 0.7592(2) 。.75 0.1536(2) 
A2 0.6061(2) 。目75 。.4239(2)
Si 1 0.3389(3) 。.75 0.0478(3) 
Si 2 0.6815(3) 0.25 0.2753(3) 
Si 3 。.1829(3) 0.75 0.3169(3) 
品1:1 0.0 0.0 。.0
IvI2 0.0 0.0 0.5 
r.;I 3 0.2914(2) 0.75 0.2242(2) 
01 0.2332('J) 09965(7) 0.0426(4) 
02 0.3016(4) 。白9840(8) 03525((4) 
03 0.7911(4) 0.0134(7) 0.3430(4) 
04 0.0536(6) 0.25 0.1303(5) 
05 0.0410(6) 0.75 0.1447(5) 
06 0.0643(6) 。75 OAC39(り)。7 。.5145((ら) 0.75 0.1'189(6) 
08 05173(7) 0.25 0.3029(5) 
09 。目6335(7) 0.25 。目1012(5)
010 0.0784;6) 0，25 。04257(5)
The numbers in par日nthesesrepresent esd 
mated standard dε'¥ri.atiof1lS. 
Table 3 (b) Anisotropic thermaI ParameVefs X lO~') 
Eli Bz， tL2 B23 
Ca 1 O.3Ii(3) u.58(5) 0.17(2) 。17(2) 0.0 
Ca 2 0.34(3) 1.05(6) 0.17(2) 0.1(2) 0.0 
Si 1 0.15(3) 0.28(6) 0.09(2) 。c G.03(2) 。‘
Si 2 。.19(3) O.4l(6) 。.09(2) C.O 0.06(2) 0.0 
Si 3 0.13(3) 0.35(6) 。.ll(2) 0.0 004(2) 。.0
Ml 0.16(3) 0.29(6) 0.11(2) 0.01(4) 0.04(2) 0.04(3) 
NI 2 0.20(3) 0.23(6) 0.13(2) 0.01(4) 0.06(2) O.OOOl(9) 
iも/13 。.15(3) 0.39(5) 0.09(2) 0.0 0.01(2) 0.0 。1 0.27(5) 0.19(9) 0.28(4) 0.04(6) 。13(4) -0.03(5) 
02 023(4) 0.52(10) 0.17(4) 0.12(6) 0.08(3) 0.04(5) 
03 。.23(4) u.37(10) 0.24(4) 0.03(6) 0.02(3) 0.04(5) 
04 0.15(6) 0.26(1) 札18(5) 。‘ 0.10(5) 0.0 
05 0.16(6) 0.31(13) 0.05(5) 。 0.01(4) 0.0 
06 0.29(7) 0.17(14) 。.22(5) 。 0.l2(5) 000 
07 0.11(6) 0.73(16) 0.21(5) 0.0 0.03(5) 0.0 
08 0.LJ5(8) 0.83(17) 0.39(6) 0.0 。.30(6) 。旬
09 。町64(9) L57(21) 0.16(5) 0.0 0.19(6) 0.0 
010 0.27(7) 0.23(14) 0.16(5) 。 0.15(5) 0.0 
The numbers in parenthεses repres吉ntestimated standard deviations 
Anisotwpic t日mperaturefactors: exp [-2: 2: hiんBijJ
;=1 i=l 
J1;fn-bearing Pinlush e.戸idoiejうりm ムTai:.ataおuMine， Full1li Pぺf(:ctm官 123 
atoms pεr Iorrnula unit. The final R-value is and the parameter shifts are less than 
one quarteγof the corresponding standard deviations. The positional and thermal param-
伎町sare listed in Table 3a and b. The structure factors are given in Appendix. 
liiscusslon 
Table 4 shows the refined site occupancies for the M and A sites. Sr is 
distributed over the A(2) sites. The chemical formula 1S thus calculated as 
(CaO.98 S1・0.02) SJ・O.03s! AIJ.O  FeO.376 MnO.021) Si3013H 
based on 12 0 and 1 OH. 
Tables 5 and 6 show the comp羽田isonof A -0 and 14 -0 distances with those of other 
epidote minerals. The chemical formula oI other epidote minerals are listed in the bottom 
oI Table 5. Mean M -0 distances and their ratio to clinozoisite are also shown in Table 
6. The volume of the sites of th日presentspecimen and piemontite (Dollase， is 
larger than that of other epidotes where the sites are occupied only Ca. Thl1s the 
A(2) site is considered to bεenlarged including large cations as Sr固 Clinozoistε(Dol-
lase， 1968) has chemical composition close to Al end-mernbεr of Ai-Fe-Mn epidotes. The 
substitution of Fe and Mn might occur more in the and th日
-0 distances become larger in proportion to the amount of Fe Mn contents. 
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Table 4 Site Occupancy 
Multiplicily Capable Site Occupancy 
(a) calculated site occupancies without any constrain 
A(l) I 0.501(5) 
A(2) I 0.496(5) 
M(l) I 0.489(6)** I AILo凹
M(2) I 0.492(6)判 IA!1.o00 
M(3) I 0.719(7)叫 IAlo.603F邑O.376MnO.021
(b) calculatεd sit巴 occupancyin th芭 Asites with chemical 
constraint as Srニ 0.04atoms per iormula* 
A(I) Ca I 0.499(4) 
Sr I 0.0009 
A(2) Ca I 0.481(7) 
Sr I 0.0191 
CaO.98S1"0.02 
CaO.962 Sr 0.03 
* This value is obtainεd by the chemical ana!ysis shown in 
Table 1 
"'Th邑multiplicitiesof M sites were calcu!ated using only the Al 
atomic form factor. 
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To.ble 5 Comparison of A-Q Dista正lces
clinozoisite 
This Study Dollase， 1968 Gabe et 0.1， 1973 
1'.(1) 。(1) 2.490λ 2.45(7) "^'. 2.4780(9)λ 2.471(5) A 。(3) 2.369 2.32(5) 2.3449(8) 2.342(5) 。(5) 2.522 2.55(8) 2.5343(13) 2.543(6) 。(6) 2.745 2.87(L1) 2.7893(10) 2.807(5) 。(7) 2.284 2.28(9) 2.2841(13) 2.294(5) 
0(9) 3.05 2.9746(6) 2:.980(2) 
Average* 2.467 2.48 2.4861 2.491 
P~veragゲ中 2.5LJj. 2.5781 2.531 
A(2) 。(2) 2.819 2.71(1) 128097仰 2.806(4) 。(2') 2.543 2.54(9) 2.5359(8} 2.806(4) 。(3) 2.531 2.7 4(6) 2.5754(9) 2.591(5) 。(7) つ6. つ~，にUウt 2.27(3) 2.2616(12) 2.260(6) 
-0(10) 2.575 2.54(2) 2.5509(11) 2.551(5) 。(8) 3.045 30294(6) 3.390(8) 
Piverage1.< 2.579 2.50 2.585 
J-i -verage'l: ':'2.625 ~ó.6713 2.734 
clin8zoisite (Dollasej 19:68) ; CS2i¥12， 97FeO・03Sl，O"H
piernontite (Dollase， 1969); CaI.OCaO.8ヮSro.，1¥lo.3oMo.20-All.ooAI，.17f1Io.sSi，OI3tl for lv'Iニ
Feo.sl¥!Ino.2 
epidote (Gabεεt al， 1973) ; Ca，AI，.GoFeo.wSi，OI.3H 
ホ a¥/erageof fiv巴distances
M 司vera宮古 of six c1istances 
Plate 1. Microscopic photogro.phs of εpidote， N akai:atsu JVIin巴.
(a) Opennicol 












i¥1(21 。(3) I 1.859 
1)(6) ! 1.923 




-0(1) I 2.184 。(2) I 1.92'7 
-0(4) I 1.862 。(8) I U81 
liverage L978 
"，L/1:" I 
K f>/[OFiRI DJld T. iVIATSUMOTO and K. KlHARA 
1.26% 0.06% 0.0% 
1.85(3) 1.8582(7) 1.857(3) 
i l附) 1.9262(9) 1.929(5) 
1.88(2) 11悩 2(山 1.862(4) 
1.89 1.8229 1.883 
0.64% O.26?~ 0.2'7% 
227(5) 2.2000(8) 2.206(4) 
2.03{2) 1.9563(8) 1.9571'D 
1.90(1) 1.9027(11) 1.907(5) 
1.86(2) UllOO(12) 1.312f6) 
2.06 2.0042 2.003 
4.15% l l32% I152% 
下:ムL/L=(L'-L)/L，whεre L and L' are the日vero:ge'Ofl.c: lengtr:~s of clinozulsite and ùtr~巴r
epidotεs 
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